The reactor at the Musashi Institute of Technology Research Reactor (Musashi reactor) has been used since 1976 for treatment of brain tumors and malignant melanoma by boron neutron capture therapy (BNCT)(1)-(3). The BNCT results in Japan have encouraged researchers around the world to reevaluate BNCT(4)- (6) .
The Musashi reactor is a TRIGA-II type reactor.
With a thermal power of only 100 kW, a thermal neutron beam with satisfactory characteristics was produced for use in BNCT (7 ) . 3 ). The water pool is used for fuel storage and 63 Al-clad fuel elements are stored in the pool since 1985. The fuel elements consists of 3 parts; meat, graphite reflector, and stainless steel end fixture as shown in Fig. 3 . The meat is a solid, homogenized mixture of U and ZrH1.6 containing about 8.4wt%
of U enriched to 20% 235U. The H-to-Zr atom ratio is approximately 1.6. Each fuel element is clad with a 0.05cm thick stainless steel. A fuel element is 3.73 cm in diameter with a total length of 75cm. Figure 4 shows the core arrangement used for operation until 1990. Water flows in the space between each element to provide natural convection cooling for the core. For the (15) . The MCNP can be used to model 3-D transport of neutrons, photons, coupled neutron/photons, or coupled photon/electrons.
The MCNP uses either continuous or discrete nuclear cross section data such as ENDF (16) or ENDL (17) to describe the probability of reactions.
The code is well designed and experimentally validated so it is a good computational tool for applications to the neutron beam design. The MCNP code, version 4.2a, which is running on an IBM RISC-6000 workstation in the Medical Department of Brookhaven National Laboratory (BNL) was used throughout the design work.
The MCNP computations were carried out for the design of an epithermal neutron beam at the Musashi reactor, starting each time with fission neutrons from the homogenized 3. Proposed Design We have designed an epithermal neutron beam for the irradiation port in the thermal column. Figure 5 depicts the design for the irradiation port. The core was homogenized (Fig. 4) and the reflector material was graphite. Spent fuel elements as a converter assembly were placed outside the graphite reflector in a spent fuel basket at 69 to 81cm from the center of the core. After considering criticality, the spent fuel elements were arranged in 3 rows having 14, 15 and 14 elements in each row, total 43 elements corresponding to 1.68kg 235U. The distance from center to center of each element is 4cm.
The idea to install these elements within the tank allows them to be cooled by the water in the tank and also they can be easily inspected at any time. Several materials were examined to find an effective moderator to slow fission neutrons to epithermal neutrons as will be shown in Sec. III -3 . To allow for easy setting up a patient at the irradiation port, the patient location is 175cm from the center of the core. This patient port is the same distance as that of the old thermal column used for BNCT. At the irradiation port near the patient position we included a void space. Thus, we can adjust the intensity of the beam at the irradiation port by changing the length of this beam path. Table 1 . The value is lower than the calculated result because the threshold energy of the 115In(n, n')115m In reaction is about 500keV. The fast-neutron dose rate was calculated to be 23cGy•1h-1 which was in agreement with the experimental data obtained by the paired chambers (see Table 1 ). The consistency of the calculated and measured results is satisfactory.
2. Criticality The Keff factor of the homogenized core used until 1990 was calculated to be 1.030 with no control rods included in the calculation.
The criticality of the spent fuel elements in the converter region was also calculated.
A Keff factor of 0.937 was calculated for 43 spent fuel elements in the spent fuel basket.
A Keff factor of 1.030 was also calculated for the core with the 43 spent fuel elements. A negligible reactivity coupling to the core by the spent fuel was found.
Epithermal Neutron Beam (1)
Selection of an Effective Moderator The epithermal neutron flux using aluminum as a moderator showed higher values than those for the Al2O3 and graphite moderators but the fast neutron flux was also high. The graphite was unsatisfactory because of a low flux of epithermal neutrons. A good ratio of epithermal to fast neutron fluxes was obtained for the Al2O3 with a thickness of 60cm. The Al2O3 was selected as an effective moderator for the proposed design.
(2) Neutron Flux Distributions Figure 7 shows, with the spent fuel elements in the thermal column, the fast, epithermal and thermal neutron flux distributions along the beam central line from the center of the core to the patient position. The fast neutron flux in the core was higher than the thermal neutron flux because of thermal neutron absorption in the fuel. The fast neutron flux was then rapidly decreased in the graphite moderator while the thermal neutron flux was increased.
The distributions for fast and epithermal neutrons around the edge of the graphite reflector were different from those without the spent fuel elements (see Fig. 8 
IV. CONCLUSION
Design studies were carried out for producing epithermal neutron beams for neutron capture therapy in the thermal column, at the Musashi reactor. The approach to obtain epithermal neutrons is to use spent fuel elements as a converter assembly which would convert thermal neutrons to fission neutrons. Forty three spent fuel elements were placed outside the graphite reflector in 
